In thi; paper, we consider the procedure to ,~stimate the various effects of the design factors m the twostage series lines in which the first stage has an arbitrary service time. First, the system states are represented by the imbedded Markov .;hain and the steady state probabilities are solved by the Laplace transform with respect to the arbitrary service time distribution. Next, the efficiency, the idling time distribution, the blocking time distribution and the number of in-process works distribution are considered from the system states. Moreover the relations between the dual models are discussed. 
. In troduct i on
Many papers have been published concerning the two-stage series lines.
Hunt and others estimate the efficiencies and the mean number of in-process works for the lines with exponential or erlang service times by the Markov model [6] , [7] , [8] , [ll) , [12] , [13] . However, most of the papers discuss on1y the efficiencies for the lines with the arbitrary service times by the approximation methods [1] , [3] , [10] . On the other hand, the queueing system M/G/l with a finite waiting room which is related to the dual model considered in this paper is discussed by Hashida and others, and the various results are presented [4] , [5] .
In this paper we consider the procedure to estimate the effects of the design factors in the two-stage series lines in which the first stage has an arbitrary service time and the second stage has an exponential service tj~me. 
Model
The two-stage series line consists of two stages to operate the work and the buffer storage holding in-process works temporarily, as shown in Fig. 2.1 . Assume that there are infinite works ready to be operated in the first stage and there is infinite buffer capacity just behind the second stage, therefore idling due to lack of input works is never occurred in the first stage and blocking is never occurred in the second stage because the completed work is always ejected from the stage. And the service times are mutually independent.
Now we formulate the work flow of this model. This flow is defined by the output interval O. , between the (j-l)-th work and the j-th work in stage i, 1,] which is represented by 
,J
In this model the system state at any time does not form the Markov c:hain 
The steady state probability that the system state is S(o).
Therefore, if Pi denotes P(WI,W2IM-i) and P M + I denotes P(WI,I2Io), these equations are rewritten by using K(Z) and F(Z)
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f(x) j-l The probability that the system state at 1: 0 1 +Xl ,-0 is S,(') n=l ,n ,J J PT[Sj(')+Sj+l(')]: The transition probability that the system state changes from S,(·) to S, 1(') J J+ j-l On the other hand 1 2 ,J'+1 is occurred when the system state at 1: 0 +X -0 n=l l,n l.j 
From this Laplace transform in terms of f~(x).
In the dual models we have .
-
Therefore by using the same procedure in Section 4 the idling time distribution Table 6 .1 and 2. 
